FOREWORD
Everyone is in favor of excellent water and air quality. Likewise no one would argue against having excellent soil quality. The concepts of water quality and air quality have been accepted by both the public and the scientific community. For example, if water is suitable for drinking or human consumption, it is considered to have acceptable water quality. For many, the concept of soil quality is newer and the standard against which soil quality is compared has not been as well defined. In fact, soil quality is evaluated against the intended use of the soil. It is for this reason that the concept of soil quality is still a bit controversial.
What is soil quality anyway? Soil quality, as referenced in the preface of this publication, states that it is "the capacity of the soil, within land use and ecosystem boundaries, to sustain biological productivity, maintain environmental quality, and promote plant, animal, and human health". An SSSA-ASA symposium in 1992 entitled "Defining Soil Quality for A Sustainable Environment" attempted to define more clearly the soil quality concept. The contents of that symposium were published in 1994 in SSSA Special Publication 35.
The information presented in this publication Methods for Assessing Soil Quality results from the continued pursuit by a number of dedicated researchers to develop methodologies to assess soil quality for a range of soils and their uses. The chapters in this publication evolved primarily from the research, debate and actions of two regional research committees, NCR-59 (Soil Organic Matter and Soil Quality) and NC-174 (Impact of Accelerated Erosion on Soil Properties and Productivity). Both committees, working from different viewpoints, use different methods to assess soil quality parameters on a wide range of soils in the Midwestern USA. A number of case studies, some from countries overseas, are included.
The contents of this special publication are progressive, at times provocative, and undoubtedly will stimulate continued debate on the soil quality concept.
D. Keith Cassel President, SSSA
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PREFACE SOIL QUALITY AND HEALTH: INDICATORS OF SUSTAINABILITY
Soil quality are words being used today, not only across the USA but around the world, to describe the soil's ability to produce food and fiber and to function as an important interface with the environment. It is becoming part of the vocabulary of farmers and ranchers as well as environmentalists, politicians, and researchers. Increasing familiarity and use of the words soil quality reflect the growing awareness that soil is an essential component of the biosphere. Soil is required for significant production of food and fiber. It also makes a major contribution to maintaining and enhancing air and water quality at the local, regional, national, and global level.
By functioning as a living filter, through which water is cycled and chemicals are altered, soil influences environmental quality and the overall functioning of the biosphere. Soil quality can be broadly defined as the capacity of a soil to function, within land use and ecosystem boundaries, to sustain biological productivity, maintain environmental quality, and promote plant, animal, and human health (after Doran & Parkin, 1994; Karlen et al., 1997) . The terms soil quality and soil health are often used interchangeably. Some people prefer the term soil health because it portrays soil as a living, dynamic organism that functions holistically rather than as an inanimate object. Others prefer the term soil quality and descriptors of its innate physical, chemical, and biological characteristics. In this book the terms soil health and soil quality are used synonymously; however, soil quality tends to be used more often because of the orientation of the authors.
Soil quality affects three essential facets of sustainable land management: Productivity of crops and livestock, Environmental Quality of natural resources, and Health of plants, animals, and humans. To successfully assess soil quality, today's researchers are challenged to develop research philosophies and approaches that facilitate holistic, system-oriented investigations. Diverse disciplines that span production, environmental quality, and health will be needed to implement such investigations and to generate technologies that can be adapted and used by land managers. Thus, it is not reasonable to expect that we can assess soil quality using only traditional reductionistic approaches that confine our interpretations to narrow scientific disciplines (Bouma, 1997) . Nor is it reasonable to assume that such investigations, although interdisciplinary, can be fully successful without the involvement of agricultural producers and land managers as active partners in the research process. This point was emphasized at a recent international symposium on "Advances in Soil Quality for Land Management: Science, Practice, and Policy" held in Ballarat, Australia, in April 1996; the theme of this conference was "Soil Quality is in the Hands of the Land Manager." xi xii
PREFACE
The importance of soil quality assessment to sustainability and agricultural policy decision making was highlighted in the National Research Council report entitled Soil and Water Quality: An Agenda for Agriculture. This study concluded that, "Protecting soil quality, like protecting air and water quality, should be a fundamental goal of national environmental policy" (National Research Council, 1993) . The need to develop methodology to characterize and define management factors controlling the degradation, maintenance, and rehabilitation of soil quality is gaining greater national and international recognition. During the last 5 yr, concern about deficiencies in the basic understanding of soil quality and lack of mechanistically-based soil quality methodology, particularly the soil biota, was a major focus of conferences and publications on sustainability and soil quality in the USA (Rodale, Pennsylvania; ASA and SSSA, Minnesota), Thailand, Hungary , the Netherlands, Australia, Canada, and elsewhere (see Acton & Gregorich, 1995; Greenland & Szabolcs, 1994) .
In an effort to address the need for standardized methods and strategies for assessing soil quality and health, the NCR-59 Regional Technical Committee on 'Soil Organic Matter and Soil Quality' formed a subcommittee in September 1992. The committee's goal was to coalesce as much information as possible on the various soil physical, chemical, and biological properties considered to be essential in assessing soil quality and to provide standardized methods and protocols for soil quality assessment. Cross referencing of measurements from the literature is complicated by the fact that analytical results are methods dependent and protocols for measurement vary among investigators. Therefore, establishment of standardized methods and protocols was viewed essential to development of useful data bases and indices for soil quality. Disciplinary perspectives and applications for this approach were broadened in 1993, when the NC-174 Regional Technical Committee on 'Impact of Accelerated Erosion on Soil Properties and Productivity" joined NCR-59 as a partner in developing this book on soil quality methods and approaches.
There are two unique features of Methods for Assessing Soil Quality that separate it from other methods texts written by soil scientists. First is the inclusion of chapters that focus on the linkages of soil quality to the health of plants, animals, and humans, and farmer-based approaches to assessing soil quality. Second, are the concluding chapters highlighting preliminary case studies that discern land use and management impacts on soil quality; develop and synthesize possible soil quality indices for sustainability; and demonstrate educational tools and techniques to increase knowledge and understanding about soil quality and its role in the biosphere.
Methods for Assessing Soil Quality builds on two previous publications, Defining Soil Quality for a Sustainable Environment (SSSA Spec. Publ. 35; Doran et al., 1994) and Soil Health and Sustainability (Doran et al., 1996) . This book bridges our understanding of the theory, methods, and applications of soil quality. Thus, research scientists, resource managers, consultants, farm owners and operators, and educators can quickly grasp and use portions of the information presented here. More important, a greater appreciation of the connectedness of soil quality across production, environmental, and societal entities can be gained by all readers.
PREFACE xiii
Approaches presented in this book provide a unique illustration of how research techniques can be made transferable and relevant to agricultural producers and the general public. Authors include agricultural and environmental researchers, extension educators, Natural Resources Conservation Service staff, and other closely aligned scientists that have demonstrated an interest and involvement in assessment of soil quality and health. Many have already made considerable contributions in this area. Author experiences range from that of highly established professionals to those who are at the beginning of their professional careers. Selection of co-authors for each chapter has been made with the idea of achieving a balance of viewpoints, experience, and institutional representation.
The process involved with developing this book may prove to be as important as the final product. It provided a unique opportunity for professionals within the federal, state, and private sectors to work cooperatively on an issue of major concern to farming, agricultural sustainability and the general survival and well-being of people around the world.
It is our hope that this book will advance agricultural sustainability by providing standardized tools and approaches for assessing the effects of land management on soil quality and health. The integrative approach to assessing the effects of agricultural management on soil function and sustainability is intended to extend beyond the usual reductionistic constraints of the physical, chemical, and biological disciplines.
The editors extend thanks to the 59 contributors to this book and to the editorial committee: Richard P. Dick, Rattan Lal, Birl Lowery, Charles W. Rice, and Diane Stott, for their vigilance and persistence during review and revision of this book. Thanks also are extended to the administrative advisors for the NCR-59 and NC-174 regional committees, Signe Betsinger (Minnesota), George E. Ham (Kansas), and Jerry Klonglan (Iowa) for facilitating this joint project.
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